Abstract. Apart from the data on test reliability, the psychometric features of the TIMSS variables are not officially available. It is therefore not clear whether the TIMSS findings capture real educational trends. Being concerned with mathematics attitude, the aim of this research was to determine the psychometric values of a mathematics attitude scale derived from a student questionnaire, and, if these are appropriate, to examine the relation of mathematics attitude to gender and mathematics achievement, and search for gender differences in the applied mathematics attitude indicators. By using a sample of 89 seventh-grade students involved in a TIMSS 2003 pilot research, it revealed the following findings: (a) the representativity, reliability, homogeneity and validity of the applied attitude scale were acceptable, (b) attitude to mathematics was related to mathematics achievement, (c) gender differences in mathematics attitude were not found; and (d) gender differences in the applied indicators were only present for the statement »I need to do well in mathematics to get into the faculty of my choice« where males expressed a higher agreement than females.
The TIMSS projects have so far been realized in some 50 countries around the world. As it may be expected, the outcomes of these projects have influenced the development and (re)design of mathematics and science education curricula in a number of countries (see Robitaille, Beaton & Plomp, 2000) .
Research context
Although a positive relation between mathematics attitude and mathematics achievement has been evidenced in a number of studies (see, for example, Hembree, 1992) , the TIMSS 1995 eighth-grade data rise some doubts to this finding since attitude to mathematics was a significant predictor of mathematics achievement in just 4 of 18 examined countries . As such an outcome is not supported by tables of correlation coefficients but multiple regression model results -a significant correlation, as well as an insignificant one, may or may not result in a significant predictor within a multiple regression model -it is still unclear whether the relation mentioned above applies in the TIMSS context. Gender differences in mathematics attitude have also been examined in the TIMSS context. In the 1999 study, concerning the international average, males had a more positive attitude than females in the high attitude group, whereas the opposite was the case in the medium and low attitude groups (recall the procedure quoted at the previous page) 4 . However, in 5 out of 13 countries and in 27 states, districts and consortia, gender differences were not present in these three groups 5 . An open question is whether the findings are real, or artificial resulted from an inadequate instrument and procedure.
Except for the index of overall attitudes towards mathematics, gender differences were also examined in some Likertianly-operationalized indicators concerning the importance of doing well in mathematics, doing well in mathematics to please parents, and doing well in mathematics to get desired job (see Mullis et al., 2000) . When Likert introduced his instrument in 1932, he was concerned with the total score on those items that positively correlate with the calculated total, not considering the possibility of individual item analysis (Clason & Dormody, 1994) . Thus, no matter now useful and valuable it may be, an outcome generated by a single indicator may be open to doubt when its psychometric features are not reported or are nevertheless questionable.
Research questions
On the basis of the research context presented above, this study dealt with the following questions:
• Can a psychometrically indisputable (representative, reliable, valid and homogenous) TIMSS measure of mathematics attitude be applied?
• Provided that the applied mathematics attitude measure is appropriate, are attitude to mathematics and mathematics achievement related? 6
• Provided that the applied mathematics attitude measure is appropriate, are there gender differences in attitude to mathematics and their indicators? These questions were answered by using some of the Serbian official data provided by the IEA Data Processing Center, Hamburg, Germany. The data were collected in the TIMSS field study realized in 
Method
The study used a sample of 89 seventh-grade students (51 males and 38 females) who came from two schools selected by Statistics Canada. One school was urban, whereas the other was sub-urban. Two classes were randomly chosen in each of the schools. 7 The study had a correlative design. The variables were: gender (1-male, 2-female), mathematics attitude and its indicators, and mathematics achievement.
The values of the applied variables were obtained from the abovementioned Serbian official data.
• The values of mathematics attitude were obtained from the TIMSS 2003 field study student questionnaire (questions 9 and 10 except for 10d; see Appendix I) by using the first principal component factor scores whose reliability (Lord-Kaiser-Caffrey) 8 was .80.
• The values of mathematics attitude indicators were examined for the subjects' individual-item scores transformed into the Guttman space (done by the author of this report). 9 • The values of mathematics achievement were obtained from the IEA standardization of the subjects' raw test scores submitted by the Institute. The collected data were examined by correlative analysis, factor analysis, and scale metric feature analysis (Knežević & Momirović, 1996) . 7 The sample comprised 112 students, but only 89 fully completed the part of the questionnaire used in this study.
8 Lord-Kaiser-Caffrey's coefficient α is defined by the formula (m / (m -1)) * (1 -1 / λ) where m and λ are respectively the number of variables (12 in our case) and the maximal eigenvalue of the correlation matrix of the variables (Kaiser & Caffrey, 1965) . By taking the factor score, we are in fact taking a linear combination of the variables that has the greatest reliability under the classical model of measurement.
9 This transformation, which eliminates noise from the initial data, is defined by ) ( 
Results
The representativity, reliability and homogeneity of the mathematics attitude scale and its indicators are presented in Tables 1-4. The correlations among gender, mathematics attitude and mathematics achievement are presented in Table 5 . Only the relation of mathematics attitude to mathematics achievement was found (.35, p < .01). The correlations between the mathematics attitude indicators and gender are reported in Table 6 . Since the psychometric features of these indicators were low for most of them, the relation between indicator score and gender was determined by using the Guttmanized indicator data. Gender differences were only obtained for indicator »I need to do well in mathematics to get into the faculty of my choice« where males expressed a higher agreement than females. Mathematics is not one of my strengths .07 I learn things quickly in mathematics .04 I think it is important to do well in mathematics at school .01 I would like a job that involved using mathematics -.14 I need to do well in mathematics to get the job I want -.10 I need to do well in mathematics to get into the faculty of my choice -.24 * * p < .05
Discussion
Four important findings emerged from this study. First, a TIMSS measure of mathematics attitude chosen by the author of this study showed acceptable representativity, reliability and homogeneity. Second, attitude to mathematics was related to mathematics achievement, proving some sort of the validity of the applied 12-indicator scale. Third, no gender differences were found in mathematics attitude. Fourth, except for the indicator »I need to do well in mathematics to get into the faculty of my choice«, no gender differences were found in the applied mathematics attitude indicators. The first two findings evidenced that a psychometrically indisputable TIMSS measure of mathematics attitude can be applied. Although the psychometric features of the attitude scale were acceptable, its refinement may be needed to achieve better representativity (psi2 and psi3 were low for our sample), reliability (Cronbach α should be around .85 or so) and homogeneity (closer to 1, say .7, evidencing that just one subject is measured by the applied instrument). Again, the TIMSS measure of the examined variables should be psychometrically indisputable (representative, reliable, homogenous and valid) and the relevant psychometric data listed in the TIMSS official reports. Of course, any variable is to be operationalized according to a sound theoretical framework, which in our case (mathematics attitude) should include three attitude domains: cognitive, affective and behavioural 13 (see Kay, 1993) .
Attitude to mathematics was related to mathematics achievement, which is in accord with Hembree (1992) . As already mentioned, the nature of this relation in the TIMSS context is not clear and should be clarified. A recent ninth-grade international study on mathematical-self concept 14 , undertaken in Israel, Finland, Poland and Yugoslavia, evidenced low to medium correlations between this construct and the mark (grade) in mathematics for the fall semester (Kadijevich et al., 2003) . Such an outcome is relevant here since several items of the math-self scale (see items 1, 5, 7, 8 and 13 in Appendix III) capture data identical/similar to these obtained by the mathematics attitude scale (see items 9d-g and 10c in Appendix I).
Apart from the indicator »I need to do well in mathematics to get into the faculty of my choice« where males expressed a higher agreement than females, no gender differences were found in other mathematics attitude indicators nor in the construct as a whole. This difference may reflect an expected pattern: while males usually study technically-oriented areas, females do so for hymanistically-oriented ones. The above cited study on mathematical-self concept revealed that, despite significance, gender differences in the measured construct and its 15 indicators were mainly negligible (less than 4%). The only exception was indicator »I am more successful than most students of my age at solving mathematical problems«, where males scored 4.4 % higher than females for the whole sample, 7.3% higher for the Finnish sub-sample and 8.4% higher for the Israeli one. Note that no gender differences were found in any sub-sample relating to the subjects' perception of the value and importance of mathematics (»These 13 Although the chosen indicators deal with these domains (9g -cognitive, 9e -affective, and 9b -behavioral), there is no evidence that their selection has been done on explicit grounds.
14 Mathematical-self concept is viewed as an organised system of beliefs about mathematics, supplemented by behavioural and emotional reactions regarding the value of mathematics and mathematical way of thinking as well as confidence in and motives for learning mathematics. Such a view of the construct clearly includes attitudes toward the subject.
days, learning mathematics is a complete waste of time«, »A knowledge of mathematics gives a base for sound thinking in everyday life«, »A solid mathematical knowledge opens more possibilities when selecting a future profession« and »For success in life today, it is sufficient to know four basic arithmetic operations«), and that the same pattern emerged for two items regarding internal motivation (»I am not at all interested in mathematics« and »Sometimes, even after a class, I think about a mathematical problem that I could not solve in it«) and one regarding confidence (»I do not try to solve a task if it appears too difficult«). In her review paper Fennema (2000) emphasizes the following: Having in mind that the size of gender differences determined may depend on the facet of attitude measured (see Whitley, 1996) , we may first find out critical cognitive, affective and behavioural indicators of mathematics attitude or a related construct that appropriately measure the size of the examined gender differences. * * * To summarize: like the relation between mathematics attitude and mathematics achievement, gender differences in mathematics attitude and its indicators need to be clarified in the TIMSS context. To achieve this end, a skilful construct operationalization (both theoretically and empirically grounded) 15 is to be done, which should, with a greater confidence, enable us to grasp the underlying patterns, find out their behaviour over time, and uncover possible causes for such findings.
